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FOREWORD

These tests were authoxized under maak 1C622401A09701
Biovlogical Investigation and Evaluaticn of Protective
Equipment. ™e observations were made between July 1964
and June 196L.
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DIGEST

The impairment in the performance of men wearing the
protective clothing was determined by measuring the respiratory
and thermal responses of the subjects walking on a treadmill
&t 3 mph, zero grade at 21° and LO®C and 10 m: Hg vapor
preasure. The major cauae of the ciscomfort wes found to be
thermo-regulatory in nature.

Tne conclusions are as follows:

The M6 hood adds considerably to the heat stress of the 3
sub jects. Similarly, as cc=nared to suvjects with the Leads i
kept uncovered, wearing the M17 protective mask also results
in greater discomfort in the heat., The lLupairment in
performance of men wearing the protective mask and hood 1ls
also evident when the rest of the body except for the loins is
left bare and thus exposed to the environment for evaporative
heat loss., However, at neutral ambient temperature the work-
ing ability of the subjects did not seem to be affected by
wearing the entire set of the protective clothing, inc¢luding
the mask and hood,

Since a high body temperature seems to be essential for
& rise in ventilation, further sxperiments need to be carried
out to determine whether in subjects working in the heat,
wearing mask and hood after the attainment of a rectal
temperature of 39°C or more results in hyperventilation,
The subjects in this series, however, all reported severe
thermal discomfort prior to the attainment of any hyper-
ventilation with only one exception. The attainment of a
heat storage index above a tolerable level appeared to be
the critical factor,

Another extension of this problem will be to conduct
some well designed basic experiments to investigate whether
an increase in skin temperature of the head area can be a
specific cause of rise in body temperatures,




CONTENTS

I INTRODUCTION. o « - « o s o o s o o6 s o0 s 4 o ol1d
I1 FIRST PHASE. « o o o o o o o o o o s a o s oo oo 11
A, PROCEDURE: o o ¢ o o s oo v s o s o s a o s »oll

1. Measurements . « - « o o 3 & s ee 4 s s o ol2

2. Statisticai ANBlySes s ¢ o « o o o o » o o 217

Be RESULTSe o o o n s e o o o oo o o s aosos o8

1. Body Temﬁeratures.,. « s @ ; e s s e 8 e w edT

& Forshead Skin Temperéture. s e o a v ¢ o18

b, Rectal Temperature, « « s o ¢« o o« o o ¢ 31

‘c} Mean Skin Temperatureé.  « « o ¢« « o« ¢ 31

d. Mean Body Temperaturé. . « o« o« o « s . 32

2, Heart Rates o o « v o ¢ o o ¢ o 0 0s » o o 3

3. Respiratory Variables . « « « o « o o « o o 31

a, Respiration Rate o « ¢ o ¢ s « o o » o 37

- b. Minute Volumes « « ¢ o+ s o o o'« ¢ o 37
c. Partial Tension of Carbon Dioxide. . . 3V
d. Mask Pressure. . « o o « o o » » o o o +38
L. Responses during the Final Walke ee « » « o« 38
5. Body Wedghte. o « o o s o 3 ¢ o o o o o ¢ o 45
L5
b. Clothed Woight LOSS « o o ¢ ¢ s o » « o 46

8., Nude Welght 1088s ¢ s o 4 ¢ ¢ ¢ ¢ & @

Ce Gain Iin Clothes . & ¢ o o ¢ o o o o ¢ o hb
6. Ev&porat‘-ive Hoat LOSA ¢ &« ¢ ¢ o ¢ o » ¢ & o ha

- 7. HoBt SLOPEEOG. o o o« o o « o o o ¢ o o o o o 48

8. Qxygen Consumptiﬂn. ¢« o 6 6 & & ¢ & %8 ¢ @ ha




mm AmapaS :-—-—\-fjh-“a‘\“—

C.

III

Iv

Vi

-
. . - .
" ’ P} P t e

9. . Responaea during Early Terminaticn of vhe
' ﬁasigned'halk ¢ ae 868 8 8 s se o 4 o @ hs

10, Inter-relationship among Different .Physiological
Respgnqes ® e 2 e s 0+ s s 00 0 s s Loe s

s

DISCUSSION L L U I 6:o e 55
l.z-HegtiTolerance ¢ o ¢ 2 a2 5 8 o T 4 0 8 o & ; * o 55

€6

-

2, uwav-inauced Hyperventilation. . « + « & « & . .
3_ 399:§ﬂj ?Actors.. R A o:o ) ; ¢ o o @ 58
SECOND PHASE e o o o & o o . .'l .5 & 0 0 s 0 0 e 60

A, Experiments on ujutipg of Localiaei Areas 6f the
BOdJ ° L] L ] L ] 0 L) ] ® [ ] [ ] L [} . ® [ ) ‘ [ ] [ ] L ] L ] [ ] L 60

B, Experiments with Mask and Hood onl o + s o v o o o 60
CONCLUSIONS o e e ; v o s e ; s oo o e s o s s 00 o 63
LITERATURE CIT:D L 67
APPENDIX. . .'.'. e o o s s s e s s e 0o .'. e o o 69

DISTRIBUZION risT - : 103
DOCUMFNT CONTROL DATA - DD FORM 14,73 WITH ABSTRACT
AND KEYWORD LIST | 105




S AR VISR, Bl oL oF o oo, ke 5 R

LIST OF TABLFS

Tabie _ S . } Page
1 - Physical Characteristicé of SubjJecto. o+ o ¢ 4 o o » #13

2 - Responses during Early Termination of R :
the Assigned Walk at 5.0 and [3.5%C. ¢« ¢ o o o o 15

3 - Description of Experimental Conditions. « « o+ o ¢ « 16
i -~ Mean Values (walk and rest data combined) + « o & » 419

5 - Mean Values (walk data OHIY). e ¢ o o v o ; e o o o a2

(e ]
[}

Mean Values (rest data only). « o o ¢« o ¢ o o o o o +23

-3
¢

Regression Equations (walk dat& only) « « o « o » o 25
8 - Regression Equations (rest dath only) « « o« o o o » 28
9 ~ Mean Values of Last Observations during Walk. , .A. .h3.
10 - Dehydration of the Subjects during Experiments in

Heat (DBT 40°C) at a Rectal Temperature ‘

or 39. 3°C [ ] [ 3 ) L] * [ ] l ] ¢ » L] \, - L ] [ ] - ] - L] L J L] .u7
1 - Curlative Clothed Welght LOS8B. 4 ¢ « o 2 o ¢ o o o o50
12 - Cumulative Evaporation. « o « « o o o o o o o ¢ & & 51

13 - Cumulative Heat Stor‘-age e« 8 s o 8 o & o * e w e 052

1y - Conditions at the Time of Discontinuing the
Asaigned“alkathO“Q,,.. * s 4 9 e e ¢ o o 0153




b

LIST OF AP/ENDIX TABLES

Table aw haal . .. . t . P s
A 1. 't' Tests of Mean Values (walk and

rest data Gombinﬂd) o & o o ¢ @ o @ o.o.o s w @ 71

2, 't' Teats of Mean Values (walk data only) PP -

3, 't' Tests of Mean Valuesv(rest»data only) e b eee s Th

L, *t! Tests amenhg the -Regression Coefficiente S
(W&lk data OﬂlY)u o ¢ s o 0 0 s v o o‘o.v ] 76 .

l

S. 't! Tests among the Regression Coeffioients

{r8S6 Guun uu;;,. s e 2 e é 8 e m e 78
6, 't? Tests of the Last Observations during Welk. . ; 80
B - Inter-correlation Matrix (walk data only)s +« + « o o681

1. Experiment-No. 1l v o 6 o o o 2 o o0 4 60 o @ ;:.81

2, Experimont Noe. @ o o ¢ o o o o 0 0 0 6 06 0 o 0 o ¢ 282
30 Experiment No. 3 ¢ o s o o o ¢ o ¢ o s e 0 o o o o o83 ‘
L. Experiment No. 4 o 4 ¢ ¢ ¢« o0 o ¢ e 0 0 o s ¢ o @ .84 .
5, Expariment HO. 5 « o « o o ¢« o o o a o o c o o o » 85
6. Experiment No. 6 o-v ¢« ¢« ¢ ¢« o o o « o o s s o o« 86 %

7,Expex‘1mentNO.7-.-o................8.7
Inter-correlation Matrir (rest data only). . . . . .88

8. E:periment No., 1 . . o.o.o.¢ o o 0 u>i ¢ o % s ¢ @ 588

9, Bxperfinent WO, 2 ¢ o ¢ o ¢ o s o o s o o s ¢ « o o 289
é 10, Expoeriment NO. 3 ¢ ¢ ¢ o ¢ o o 6 ¢ s o o 00 2 3 o 9
11, Experiment NO. § ¢« o o ¢ o ¢ ¢ 2 o ¢ ¢ 6 0 2 3 o » o9
12, Experiment NO. 5 . & & 4 o o o ¢ ¢ o o o o 5 s « 2 292 .
13, Experiment Xo. 6 ¢ o ¢« ¢ « ¢ o 2 ¢ s ¢ o o 0 o o s «93
4o Exzeriment No. 7 o o « o o ¢ o ¢ 0. 0.0 o 0 0 ¢ o o N .

G R‘u dlnt‘l o & ¢ © ¢ @ & & ® o ¢ © - & » O a 3 ¢ & & & 9 .95




LIST OF FIGURES

. Figure Page
1 -~ Tims Trend in Forehead € rin Temperaturd. « « « « « « 33
~ Time Trend in Rectal Temperature®. « o s = s « o o » o3

- Time Trend in Mean Skin Temperature . s « « « o ¢ o ¢35

-TimeTrendinHeartRate.......ao..;..39

2
3
L - Time Trend in Mean Body Temperature « . « « « ¢ o o 36
S
6 . Time Tiocsum in Nespiratory VOlume . . « « « o o o o o 40O
7

S

« Time Trend in Partial Tension of Carbon
Dioxide.o-ooootooaoqvoadoooo.oul

8 - Tracing of a Record Showing the Eifeci:z of
Warming Various Body Areas on Sweating
ACtivity' . ] [ ] [ ] [ ] » L ] L] [ ] L] L] [ ] [ L [ ] L] [ ] [ ] [ } [ ] 061

9 - Effect of Covering the Head with Mask and Hood
on Sweating Rates of the Arm, Thigh and Calf, ., . .82

10 - Effect of Circulating Cold Air under the Hood
on the Sweating Activities of the Different
Areas of the Body at a Room Temperature cf

260(:0 L) L - [ ] * % L) [ ] » & & 9 @ ] ¥ o o o » o @ l&-‘

11 - Effect of Circulating Cold Air under ths Hood
on the Sweating Activities of the Different
Arsas of the Body at a Room Temperature of ¢

3700. - . . » . . * L] * ¢ o * * L] L] * L] * [ [ 3 L] [ !6/




PO

I.

A,

HEAT INDUCED HYPTURVENTILATION
AND THE PROTECTIVT MASK

INTRODUCTION,

There are seversl factors whinh may sccount for dis-
comfort or impairment in men weiring ths protective mesik
whilo working in ths heat, Heat~induced hyperventilation
has been described in connection with dehydration (1).
with high wet-bulb i mperaiures (18) and with a steady
state of prolonged work (24). Weering of the mask may
augment the hyperventiletion because of aither the
respiratory influences or thermal influences and this
in turn may lesd to impairment.

The present study was coaducted in different phases,
In the first phase, constituu.ing the ma jor part of this
project, an attempt was made to evaluate the influencs
of wearing the M17 Mask and the Mask plus M6 hood during
work in the heat on physiological performance of the
sub jects. The other phases of the study were designed on
the basis of the resultsof the first phas: depending
on whethe. the rospiratory or thermal influences were
important in the impairment,

II. FIRST PHASE

PROCEDURE.

The first secries of expariments wers conducted on
eleven healthy male collsge students, Their physiologicsal
characteristics are listed in Table 1. Liat 1 includss
the clothing and associated equipment worn by the subject,
The clothing waa unimpregnated. The use of short underwear
makes thse heat load of sssembly uore comperable with that
of the 1-1/2 layer outfit than with that of the 2 layer
outfit, The hood was unpressurized sincs the expired air
wvas collected, as will be described below. The respiratory
characteristics of the mask were unaltersd except for the
slight additional expiratory reaistance of ths tubing
connacting the mask with the gasometer,

8efore the collection of date was begun, the
subjects had § days of training at a dry buldb temperature
(DBT) of L0O°C and a wet buldb temperature {(WBT) of 21.,5°C,
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The original- prot«'ol called for tﬂllh . 115°%F,
However, the initisl empsriments clew. \emonstrated
thet with clothing and with mask and hae., such thermal
conditions would net be tolurated except for brisfl
periods (Table 2). Reduction of the temperature o a

"DBT of 40°C end a WBT ol 21.5°C appearad to bs the

appropriate way to permit at ieast Y hours of ue.lking
with mask &."‘ld hood in moat aubjacte. :

The dauy training ncigted of walk un tne trsad-
mill at 3 mph, zero rade for 415 misates followed by a
rest for 15 minutes. ThL schedule of walking and resting
was repeated for L heours $ day. During the first three
deys of training, the clothing assembly in List 1, except-
ing the M6 hood was worn t; the subject and during ‘he
last two days the 1ist of zlothing wrn by the subjlect
alsc included the hood,  The jacket was tucked into the
trousers and the trousers { sked inte combst boots. .The
sleeves were rolled under iges gloves, The hood covered
the head, neck, and shouldees, “and was festened with
siraps under the arms, Eack day freahly laundered
clothes were worn by the subjects gnd a pair of dry
filterz were inserted into the mask. ‘

Experimental data were Hllected on 7 different .

days from each subject under the test condicions
listed in T~bhle 3, _

Magsurements.,

Raﬂtal tempecatum at a upth of 10 cm. was obtained

' \iux 8 ccpper constentan them»ouplo mounted in a

catheter. For measuring the &iin vemperaturss, thermo-
couples were held againat the skin with elastic tubing

at the front and back of the ¢ 3st, back of the walst

and above the Imes, MinneapoWs-Honeywell jacks and pluge
with cepper and constantan elements were usad to connhect
the wires from the subject with the wires lsading to a
Brown Electronic 14 poinc recorder. A thsrmocouple was




Tabls 1

FPhysical Characteristics of Subjects

Sub ject H?éghét Hzégt)zé . Sn(xgg?céjreg (A’g:)
~ . C. 18 75 " 1.95 25
™1 s, ™. 177 7 1.67 23
R, 8, 172 66 1,77 2l
g R. B, 180 70 1.87 24
; T. S. 174 77 1.92 26
R, K. 169 55 - 1,62 24
o D, N, 184 85 2,09 2
L. C, 180 S8 b a.m 2l
, ¢c. 2, 17 81 1 1.96 26
e. H. | 1718 77 1 1.95 19
B, K. 186 g 99 2,25 23
]




‘Clothing Assembly

Jaekgt,_gbt:qn.w
Erau;erq, cotton.

T-shirt, cotton

.Underwear, short, cotten .. ..

Gloves, .cotton gpecial for impregnation

Socks, wool
Mask, protsctive, ML7
Hood, protective, M6

Combst boots

Thermocouple supports, five

Eilectrode -aupports, two

Rectal thermocouple cathster
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Experimant # Deacription Code
1 Dry bulb tempersture 40°C, wet bulb m
21.5°C. GSubjects wearing fatigues,
T-shirt, gloves, woolen socks, com~ :
bat boots, MI7 mask and M5 hood.
2 As above, minus the hood M
3 " As above, minus the mask : HB
4 Dry bulb 21°9C, wet bulb 159%; otherwise, CH
same as axperiment. ﬁ“l ‘
5 Same as above, minus the hood ’CK
6 Same as above, mimus the mask B
7 Sare as experiment #1 minus the fatigues, BN

T-shirt and gioves. Boots replaced by gym

shoes and woolen socks by short cotton socks.




) 'was 0.3 om in thilckness end had an internal diameter of
'-_-rautening to a particulnr ares. of the skin.

'-  expired air. by removing the Voicemitter-outle% valve

. mask in order to monitor preasure in thes nose chamber

© . period while roclining on & chair nttnchod to &

. 2a

- wes placed in a soft plastic. soreen. .The ssreen was

the‘alaatic band containing the thermocouple was tied

" forehead skin, and on its cother side wes expoaed to
: air entrappad in the mask. .

the electrocardiogram on an Offner system and with a

held against the chest with elastic belts.

. 'respiratory. tubing which led to a 170 liter gasometer, ' ;§
- A small pump continuously sampled the expired air as e
-4t ‘'entered the gasometer. .These samples were unalyzed

.a Chamtronics transducer). A small metal tub

'-rrGQuency of the aubjoct.

" on & Buffalo platform scale before snd after the day's

tntintgcal Analzgeo.‘

. the rest, The data were cubjected to simple correlation

algso fixed on the forehead of the aubjoct. T™hé
thermoccuples junction for measuring the pkin temperaturs

attached to one surface of a hard plastic » which
1.2 em.. The ring was connected to an olnntie dband for

For. maasuring the ukin tomporatuna of the forehead
to the lower edge of the:forehead. The upper edge of
the M17 Mask, on the otherhand, was in contact with

the forehead just below the hair line. Thus tho
sensl ng element on one side was in contact with the

Integrated haart rate was monitored by recording

Phipps and Bird Cardiotachometer, The electrodes were

The Ml? Mask was modified to permit collection of

cover and forcing a tight fitting copper .tube 1: t~ the
outlet valve seat, The copper tube was conneetea .o

for CO» (with the Beckman LBI analyzer) and 05 (with
gng with
holes drilled in it was fitted to ths nose~cup of the

of the protective mask and to record the: reapiratory

The above neaaurements ‘were takon at 20 minute
intervala, During each hour of the experiment these
were recorded twice during the walk and once during the
rest period,

The subjocta ‘ware' woighed nude to within 5 grams

work. They were also weighed completely clothed before
and after the walk, during evsry hour in each rest

platform gscale.

. The exporinnntal dnta obtsinod during tho walk
have been analyzed separately from thuse obtained during

and regression analyses, Statistical significance of

17




the differences in mean values of physiologicel responses
in different experiments wes determined dy tt' tests.

" This was done because the number of experiments under
- hot ‘¢tonditions was not the same as those under cold

conditions, Nine experiments under hot conditicns were
incomplete dus to the fallure by the subjects: to finilsh
the lj~hour walk. In addition, there was occasional
nissing of data due to the technical difficulties, 1here-
fore, the data in eoach experiment were initially averaged

" - by time over all the subjects, These everage values are

B.

plotted in Figurea 1 through 7.
RESULTS.

The overall average values and standgrd deviations
of the physiological responses obtained under different
experimental conditions are listed in Table L4, The mean
values of the responses obtained during the walk periods
and those obtained during the rest periods are shown

- separately in Tables 5 and 6 respectively. The change

in these responses with respect to %tims is showm in
Figures 1 through 7. The values ia 0 minute represent
pre-walk data and those in 240 minutes represent recovery
data, Besides, the data in 60, 120, and 180 minutes were
also obtained while the subjects were resting, The best
fitting relationships describing the rate of change in
physiological reaponses were obtained by the method of
least squares and are given in Table 7 for the walk

data and in Table 3 for the rest data, !t' tests of the
above data are presented in Appendix Tables IA through
IE., The parameters which failed to show any significant
't? value were excluded from the tables.

1. Body Temperatures: It will be apparent from the
above tables that there was a genorel tendency for an
inzreased rate of body heating in the experimenta with
hood under hot conditions (DBT 40°C).

() Forehead Skin Tempsrature =-- The greatest
measurable difference appeara %o be In the forehead skin
temperature (Tf) which was averaging 1.4°C higher in
experiments in the heat Wi th both mask and hood on (HH)
than in experiments with mask only (HM)., The difference
in Ty between the FA asxperiments and the ones where the
body was naked except for the areds sovered by the maask,
hood and shorts (HX) was 0,6°C, Even under cold conditions
(DBRT 21°C) the Ty was highest in sxperiments with mask
and hood (CH). e difference in Tp between CH experi-
ments and those with mask only (CM) was 1,2°C. When the
T¢ data were analyzed separately for ths walk and rest
periods (Tables 5 and 6), the results were essentially
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. %h@ &fwa F Y3 %beaa of the walk st pezt yy Al ooulrirodl,

The Ty in, exppriments with mask only wne M‘g,w et s S
thoze with.head bare (B} boih urdsy not- nnd 2old oendl
ticas. Howsver, thess differancses ware sistiatisalic :
significant oply for the. sxperimants in f:he ‘heat {ﬁmfs -»ﬁ:z:a
Table IA). - The Aifference in T, betuwson the cold mnd

. heg$ exparimentd was higdly azagificaﬁza e uvawimg of
" the heood resulted In & dignificently highor T iz 2eid -

experimeqta. In heet sxperiments this wan tris “*w tnlle
date only {Appendix Tables IB and IC),

e rise in Tp with time wes high5* gignificant in
HM, HY, and HN experimeats (Tablss 7 & O and Figure ).

‘ The differences in regrossion coetriciauts srcag these

exparizents were not asignificant for the walk data
(Appendix Tebla ID), BHowever, Tor the rest data, the
rise in Te in HH experiments was algnificantly Avataw
than in H¥ and HN sxzperiments (Appendix Tadble IZ), iha
'p? values (i.e,, regression coeffisients) were ?aruaw
in hest experiments with hood (viz., HH end BN} fo

the roat data as comnared to the walk data, In HB
experimentd and in expsriments in ine cold there was an
iritial decline in T for the firat forty minutes. Then
it remalned gteady un %o 160 minutes when it began to

'rise, The rimrs. was most pronounced in HB experirsnty
followed by CH experimznts.

{b) - Rectnl Tempereturs---The mean rectal tsmperature
(T,) was hlgher eat experiments as comparsd to those

 in"the cold (Tables 4,5,6)e In the heat, T, waa higher

with the hood than with pas¥ alons and lower witaocut
either mask or hood. T, in HN experiments sapprocached the

" walue of that in HP expgrlmente. Howevar, ncne of these
differences were statisticslly significant end thus ucs

included in the tabies of 't! tests., Some of the dsta

wore teatéd by the Analysis of Variance., The analysis

reveanled & great deal of variation due Lo subjects., This

‘might have contributad to the nom~significent diffsrences
in the respouses among different axperimenta.,

There was a significant rise in T, with time in 81}

the experiments (Tables 7 and 8, Figure 2)e The slcpe is

steepsr In heat experiments than in cold experiments.
The coefficients were larger in experiments with mesi
and hood on than in those with mask only- at both high
and low room tempsraturé~, " However, these differences
were not significant (Apnendix Tables Il and IB}, The

"rise in T, was .faster in EM axperimenzs then in KRB

experiments, For ths welk date the 'b' value was larger
in BY experiments than“in HB experimsnté. I

(c) Mean Sk ‘ Tar eratur;-«~Tha mean akiu tompera= -

ture {7,) was calculated from the unveighted aversgs of
the 1‘aaaing':* of the thermcccuples in Tour losaticns

3 “3est Available Copy
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eavludLng the forsiiend, - waR 2l
. heat erpsriments nan in thn ol
Appendix Paoles I, I&~aw& ”b' s in
was higher than i CHH nxpervﬂ%npy H¥
.. turn yielded & hA,Mer Ty than HB sporir 2.

mants with a largs surface aras expawad o “he anvirone
ment yieldad the- Aawest T

The time treid in T, wag aignificant in e
=xperiments unde™ resving éon@itions (Tanle £). ¥Fo
”QLK data this was true cnly for exgarirﬂﬂua in the

neat {Tadbie 7). However, thers wsre no ig% ficant
differencea amorg heat or cold azpsrimeﬂws in their

'b! values (Appendix Tables ID end IE), It will be

seen from Pigurs 3 that in HN experiment- with the bddy
- exposed for ovaporation, T4 was lowest ¢ g1l heat
expacimente both in iis mesgnitude and raze of change.

Th» iifferencs bheceme smaller 83 tha exporinment nxxg“ssaed,
- par:iculerly during the latter half of the experimantal
period,

(@) Mean Body Temperature---Mean body terperaturs
{Ty,) was caiculated from the rectal and skin :umporstures
e?ghted two=-thirds end one-third respectively,

In the expsriments at LO®C Ty, was the highea? in
the HH series and in BN series it was ths lowest {Table L).
The M experiments yielded higher Ty than did the HB :
experiments. At low room {emperature the highest Ty
was recorded in CM experiments., Wearing of the hcod
caussd a greater rise in Ty for the walk date at both
room temperatures, The rise in Ty in HN experlmemts
was 3low during the first half of the experimental
~period (Figure ). After the second hour of the
exporiments, tho slopes in HN and HB exporiments bocame
parallel, For the walk data the ’b! value in HN
experiments was greater than in EB experiments {Table 7).

- Por the rest data the 'b! values in both HN and HB

expuriments were identical (Table 8).

2. Heart Rate: Due to the mechanical and electrical
interference encountered occasionally in recording the
heart rate from the subjects while walking, the data on
the heart rate obtained during the walk psriods were
fewer than those ebtainad dur;ng -the rest periocds.

The. average heart rates were higher in experimance
~ in the heat’ than in the ccld (Tables L, 5, 7). The
‘'wearing of the mask and hood resultéd in higher rates
both in hsat .and ¢old experiments, while tho wearing of
the mask alone resulted .in. higher raten only in experi-
ments in the heat, Heart rates uere ‘about the same dboth

in BB and HN experiments. L

e T =gest'AVéilable Copy
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Care was A olgnificsnt Inmawease dn

.o Miae din ghe oxpsriments in the heal Iow

- {%able & oid Pigors 5), -For wall dats the rics im ouno

" 'wes not significant in HB ‘experimente {Teblie 1), - Foo
"welk dotd; the regression ccefficlantums inTgeat i I

experinents followsd in ordes by thops in Y, HH, and

.. BB experiments. For rest data the 'b? viluo wa:z lariast

in HY sxperimente. Thls was Zolléwsd by ihe ‘0 waluss

. in HH, HY and ‘'HB experiments, ' In cold axporiments
rise in nedrt rais wes greatsést in erperiments with be
hood un §CH) and lowest in expsriments with the hoeed kept

bare {CB). ’ L v '

 Ze Raan%§ato§¥ gg;;ggli%; Unlike beody temporatures
thera was 11t ¢ dilisrence in respiratory responses
betvween different experiuents within the zume bwbient

‘temporaturs,

{a) Respiration Rate--«There was hardly any differ-
ence in respiration Irequency {f) smong different axperi-
merits whetber in tho heat or in the cold. The mean
respiratisn rate varied from 20 to 23 zer minute {Tablse
s S, 6). The riss in f with time wes aignificant only
. in HM 2nd CB experiments for walk data (Table .7}, These

'b! values were nignificant1§nlarger than that of ths HB
expsriments {Appendix- Table ID),

(b) Minute Volume---Hood wearing resulted in higher
‘minuge volume (V)] than wearing the mask alone both in
hot and cold conditions {Table ). Howaver, V was
highest in cxperiments (HB, CB) with the uncovered heed
at both room temperatures, Lowest ¥ was cbtained in BW

. expsriments  Yhen walk data were ansalyzed ssparately,
'HH experimenzc yielded the highest ¥, foliowed by HE and
EM experiments {Tnblo-S). Nons of these differencos were
stetistically significant (Appendix Tabls IB), 1In CB
experiments V was signiliceantly higher than in the other
two expariments in the cold. In rest data, ¥ was
eignificantly higher in HB than in EN and ell experiments
in the coXl (Table & end Appendix Tabls IC),

There was significant increase in ¥ with time in HH
experimsnts both in walk and res¢ data (Tablas 7 and 8 and
. Figure 6). In thess experiments {he regression coefficient
‘was significantly largsr thdn those in EX and all experi~
monts in ‘the cold (Appendix Tables ID and IE). Por rest
data there was a significant decrease in ¥ with tims in

' CB’ sxperiments, - - ,

- (¢)  Partisl Tenaion of Csrbon Dioxide~--The average
partiel tension of COp (pU02) in the expired air ranged
from 27 to 30 mn Hg in different experiments {Table 4).

., BestAvailable Copy



The, ¢ilferenszes in plls among thops exoe
cnot etdtlstieelly aigniflicant (Appendiz Ta
When. Uhe rest dais oniy wers conaifspod, ¥
- pC0g "in CB expariments was significentiw
~Thet in aill but wne BB expe.iments [Tavoe o, v
Appéndix:?&blo;IC),',Bbaides,;ﬁh@.m@an“paﬁg in HE
S experiments was sigpificantly lower than iy ooporis
with the hood on both in the LO°C and, 2L°C experime

Loar

in the ma jority c. exporimentsz thers wasx & dezline
in pCOp with time (Tables 7 % 8 and Figure 7). Erurver,
the rogression coeflicients were signiifcantly 4iflsrens
from zer¢ only in HH, HY, M and CB expsoimente for the
- walk data. At L0O°C the dscline in Cos pressure was
meximim In experimants with the hoed on. Wearing the
mask alone resulted in 2 greater decline than with
the head left bare. A% 21°C only mask wearing resulted
in a maximum decline %n pCO0s,. The declina wasz minimum
in BN experimenta,

(d) 'Magk Pressure---The average peek masi pressursea
(Pp) wera higher in experiments in the heat than in the
cold (Table l), "he pressures varied from 3.0 to 3.
cm H5C at highsr room temperature and from 2.5 to 2,
cm Hy0 at the lower room tempersture, The P, in EN
experiments was 2.7 e¢m H;O, However, these Eifrersnces
in Py among different experiments wers not statistically
significent and thus are not included in the tebles of
't' tests (Appendix Teble IA). For walk data, P, in
CH and CB experiments were significantly lower Chen in
All but HN experiments in the heat (Table 5 #nd Appendix
Table IB)., For reat data the P, s=s s gnificantly higher
in EM experiments than in HB and CH pxperiments (Table
6 and Appendix Tabkle IC), _ _

"The ib' value for P, was not significantly different
- from zero for walk data Indicating that no reel incrwase
ocecurred (Table 7 and Arpendix Table ID}, For rest data
the rise in Pp was significant in BH, EM, CM end BN
experiments, : '

N 4. Responses During the Final Walk: The datsa

obtained prior toc the f%;aI resting period corresponds
with the observatlions at 220 minujes in the Figures 1
through 7. These data llsted in Tsbla 9 ropresent
epproximately the peak valuss of different reaponses
obtained in diflerent experiments. In gensral the ‘
" 'valuss were greater then the averages values obtained for
"the entire walk data’ (Tadle £).~ - -

. S : S ,
As eanrlier, T,y was maximum in experiments with hood
on and minimum in experiments with the bars head, HY
experimants ranked next to the HE erperimente in Te-

- B Best Available Copy
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Howewor, the &&rfaranco o iv Tp wﬁﬁﬁm«f\:“
S eigm Tﬁ.o&%& ondy w@en thn akherieenid i in

Irde & siniler frend wke fosnd with op

: T“@ ayePrie Ty i H3: 339&?&ﬂ”ﬁﬁﬁ§§mﬁ ém&

. highoy than *n HH  saperiments.

..oonly was sigrificantlg'gﬁcater thln ﬁﬁ %1”
. 0% the lower temperaturd. Kean . uag “%?wvibwifﬁ
- magk and heod on followed hw'mmakgalona.f Thin way

- consistent hoth in heat and €0ld sxperimonis. *ﬁ@%ﬁ

ever, the éifference in Ty among 4iffersnt exparimoents
within the same ambient temperature wes nuoi siabiavicslly
> gignificant. . The response in T, ' ian diffrrent @xp@ﬁ@mﬁnta
was csoventially the same as thaf of P, with.: rogard to
the rolative megnitude amd their stat?stia&l gigniilicance,

- ... The average heart rate was highar at “ha QO“C ambient

temperatura. However, this was not-sligniiicantly differ-
ent from the averages rate at lower Lemperaturs, Iihis
might be due to the small degrees of freéedom available
for statistical tests and also dua tc tha l&rge variation
amnng the aubjscte.

None of the respiratory veriablea ahowad any eignie-
ficant difference in their. relative’ nagnitudes in diffepr-
ant experiments, Thus they were not listed in the tables

f g teata. v

As. before, respiratlon rate changed very Iittle
. frowm experiment to experiment. The cnly conspicuous
ifference in ¥ was in HH experiments. ' The last cbzerved
' V during walk was on an average 3.4 liters greater than
the average ¥V of all the walk date (Tabls 5}, " The
average final pC0p during walk weg lower than the nverags
pCO, of all the walk data. However, the average pl0p of
- the rest Jata {Table 6) and that of the well and ras%

- dats combined (Table L)} were lower than :h> last cbasrved
pCOs during walk, As earlier; Py wes.meximuh in experi-
‘ments with mask only at both reoom temperatures. HEowaver,
the differences among dirferent ezperiments ware not
statietically signlricant.u‘ .

5. Bo@x Weig%t‘ Loss in body weight of uhe sub lects

. Was recorded -by welghing them nude before.and after the
end of ths exparimants. They were also weighed with their

clothes on every hour during the. résting périod, In

eddition, tha gain in welght .of: the clothes worn by the

sub Jacta .was alao recorded by welghlng the.clothes a% the -

,beginning and at the end Q£ the azperimants.-»_”

(a) " Nude Wei 1t Loss-»-ﬂood woaring had the effect

of adding over mask wearing sione 2t the higher
room temperature and O. 15 Kg at the lower rcom temperaturs

s | Bes’t Available Copy
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it the. aveat %r@ua@t%@a a” Whme g 7
Ctheiy nwde weight logs a?ﬂ%aﬁ;k§m~ R
axperinoats with the bare heed, thozei sl
ropulied in 0,29 Ag gre&terﬁ&ﬁ& welghf .l
-.tamwmtam sxd 0.15 Eg at low.pocm tRmps:
Caverage mvis weight looe in - &Apeﬁimena% th
1-gs. than that'in KB expe: imenta.  Signalll
" existed in nude weight loss in exmp a°4m@n’" “ﬂ*”“ 1
-amoiant temporaturea but not betwaen expsrimen
the same ambient temrerature faPpendix Toble a‘?

“The results e esaeutiﬁlly ‘the sars when dehyCrae-

- tion was expressed as percent of +the body welight at the

‘baginning of the experiment, -Ths nude- we%gbt 10838
vawiad from 3.22 to 4.35 percent in tho heat and from
.56 %0 1,82 percent ir the cold., Only nceasiunzlly s
beody uaight losa was ohtained prior to the attainment
of a rec*aJ temperature of 39.3°C as was csked for in
. the original protocol of this atudy.. It iz obvious frow
Table 10 that the subjects, especislly those with hnod
wers reaching 39.93°C rectal tempersturs prior teo vory
much dehydration, It may be that & high degrasz of
dehydration with the heod prior .to the 39.3“0 1imit will
be difficult to obtair undnr the pressnt eaporom@n?aW
set-up, )

o (b} Clothed Weight Loas---The evaporstive lozz

from t¢he subjects with their clothes on, when the srperi-
ment is in progress, im given by their clothed weight logs
Adding hood over the mask made little diffarance in
‘clothed weight loss &t either room tamperatures (Tedbls 4.
.However, with neither mask nor hood covering the head, the
clcthed weizht loas became srmaller particularliy In

l.; experiments in the heat, In HN expsriments cheractsrized

. by only the head and loin covered, the.clothed weight
- loss.waz 2.40.-%g in four hours while in H3 sxporiments

'.“f where only the head was not covered, the loas was 2.23

Kg. 4s in nude weight ldss, the diffarence in clothed
weight loss was statistically significant only in experi-
ments betwsen twc temperatures and not among experiments
within the same temperature (Appendix Table IA).

IRy Gain in Clo@gas--aThe loss. of .body water which
was nct. evaporateﬁ but was arrested by the clothes worn

‘ {; is giver by the gein . in weight of the clothes at thes end

‘ﬂ.experimenza.

_of the experiments. It was meximum in .experiments in
the Leat. when the subjects had both mask and hood on,
intermediate with mask alons and miuinum with barchesd
{Table L)+ The difrerence hecama nonexistent in colid

-
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Time Required to

Subject " Dehydration =
Reach Tp = 39.3°C (percent of body wt)
(h) | , r :
R.H. 2.0 2.04 Bood
R.H. 2.5 1.48 - Rood
R.H. 2.0 1.39 Tood
R.H. 4.9 3.7 Bare head
D.N. 3.0 2.59 Bood
D.N. 3.5 3.88 Hood
D.N. 4.0 3.26 Magk cnly
L.G, 2.5 2.48 Boad
L.C. 1.5 1.47 Hood
L.C. 3.5 3R Mask only
T.s. 3.5 2.1 . Hood
T.S. 3.8 4.19 ¥ask only
R.B. 1.8 1.53 Hood
R.B. 3.9 3.0 Nask only
C.2. 1.5 3.12 Bood
1y
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6o W: This was calculated from the
cloti:ad we ose expressed in cumulative freguency for

the four hourly measuremsnts taken during the resting periods
of the experiment (Tables 11 % 12),

During the first two hours of the experiment thare was
more evaporative loss from the sudbjects wearing only the mask
than when wesaring both the mask and hood, This was trus for
experiments at both high sand ibow room tamperiiures, Duri
the laat two hours the evaporative loss with mask and hood on
approached the same value as in experiments wit! only the mask
on. The evaporetive loss was ccnsistently gr-.cter in HR
experimenta thun iu HB experiments. Tho eva,arative logs waa
consistently lower in experiments where the head waz lelt dare
than in those where the head was covered with either mask or
hood. ' o

7. Heat Storage: As expected, the heat starege wus
greater at high than at low room tempsratures {Table 13). At
both temperaturses, it was masimum whan ths subjects ware wear-
ing the hood. The difference in heat storags between axperi-
ments with mask and hood and mask alone becams inconsistent
in experiments in the cold, Heat storage was also greatsr at
high temperature when the head was covered by mask than when
the heo? was bare, The difference_disappeared at low tempera-
ture, Heak storage was }2,6 cal/m2 in HB expsriments and
35.5 cal/m“ in H¥ experiments, The difference : :tween the
two egperiments in heut storage was 12,7, 16.8, 5.8 and 3.1
cal/m€ on the firat, second, third and fourth hour respective-
1y,

8. 9§I§°“ Consumption: Due to the technical diffjculties
the number of resplratory gas samples anxlyzed for oxygen
concentration was small, As sesen in Table i, the averags
velues of oxygen conswaption in CH,CM and CB sxperimenta were
0.58, 0.72 apd 0,86 1liters/min respsctively.

9. Responses during Early Termination of the Aasig%g%h
Walk: Phrslological respanses and aubjec ive syuptoms at the
when ths sudb jects wore unable to continue the walk were
recorded and are presented in Table 14. The m jority of
failures occurrad in the exporiments in the heat wvhen both
mask and hood were worn. Eramination of the data in Table 1l
and comparing thema with the everage values of walk data in
Table S revealed that the body temperatures, pulmonary ventila-
tion and mask pressures wers higher and expirad carbon dioxide
presasuree were lower whan the subjects dlacontinued the wslk,
The reaponse which appeared to bs conaistent irrespeciive of
the experimentsl conditions is the attainment of & rsctal
temperature of adbout 39.,0°C, In the experiments with hood
on, the Muce appesred to be unusually red and a feeling of
diacomlfort was fregquently reported, DBesidss the symptoma
listed in Tadble 14 lack of motivaticr for a prolonged walk
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indoors; inc> .ity to wipe the swest dripping from the farse 7
hesd, unusual fsaling of expired alr over the ayes arvi fase
wsre glso conndainsd of, 1y one gsubject {(#,C,} continued
the waik for five Lours in Aiffersnt expsrimenta, <Thess fetg |
are included in the masgs of raw data collacted from the sive %
jscte.,  Thia subject was falrly resistsnt %o hegt strese &8
indisated bz the low riae of his body itemperi’ res. There wag o
a gensral tendency for the ventilation to remein feiprly conse S%
tant until the terminetion rsctal tempesrsture of 39,3°C.
Howsvor, only one subject {D,N.! showad slesr cut hyperventila«
tion with a rsduction in the tension of eapirsd cadbon dioxide
prior to the attainment of 39,3°C rectal Zeapereture, This
cocurpred with both mask and hood on.

S,

“\,;xi}\x p

17, Inter~redationship emong Diffsrent Physiolozical
fiesoonses:  GSeParate calculations wers done lar sach sxperiment
snd &.so the data obtainsd during walk were trested saparstely
from chose obtained during rest within ths same exparimentsi
condition {Appendix Tsbtlss IIA and YIBJ,

A

In both walk ard rset datas of the experimenta i{n the heat,
the forehsad skin temperature showed a significant positi.s
correlation with rsctal temparcsturs ard slsgs with the mean
sik'n tempersburs. A eignificant posiiive correlation was
conais*eatly obtained betwsen T, and T, in all the experiments,
Meer body temperature heing directly ¢ dlculeted I'rom the rece-
tal and skin Lempsraturs, a high ¢ »rel-tion tetween T, and
both T, and Ty was very obvious. i€’ empiratures alae
showad a cconaistent positive corrvistion with heart rate in
all the experiments, The relsticnship bstween the hody temper-~
stures snd partial tension of €l was inverss in most cases,
However, the vsgatlive corrslati-n coslficisnts between T, and
140, were statlis.ically siguificant only '‘n two experiments
viz,, those with the meslk and hood and wiu: mask alons in hot
conditionz. The relationaliip betwsen Ty and minute velume was
positive, particularly in the walk data. The same was true
hetwesen respiration rate ard . inute voiume, The relatiocnship
batween minute volums and protilal tension of €0, was inverse
in a1l the expsriments. The negative correlatiSn coefficients
wore statistically significant except in EN expsriments., A
highly significent positive correlaticn was ottainad bstween
minvuts volume and mask prassure 1. a majority of the
axncriments,

e RN TR gt R 40 Y ey ARy

(1o S04 i et S e e 3

Py

e




ot e e PRI

i

.7

0.49%

0.589

0.257

0.229

1.333

1¢l224 .

1,060
0.500
0.529
- 0.50%

1,164

Wi
L)

0.809
0,786
0.736

1,750

R T s R

2.903




2z

311

150

47

366

318

132

311

149

310

36

159

77

221

151

69

713

536

350

162

51




PP
AN

IR s
SOOI & AN W LY

10.1
13.7
12.3

13.%

4.5
33.6
1.6

12.4

Y44
13.9

30.0

56,2

47,0

42.6

17.7

17.8

39.5

pr— o o
E ; s T R .
B - i SR e




- 9°LE 1°6C 9°LE $°€ 1 ‘X'g
- rAF X2 8°8¢ 8°9¢ 0°€ T *0°1
0st 6°69€ L°8¢ 9" LE S°t A ‘H°Y
- 9°LE 6°8¢t 6°LE 0'€ 1 ‘H°H
- 6°9¢ 6°8¢€ 6°S¢ o°¢€ € o ¢
- ZoLE 8°2€ 11 $°¢ 1 ‘S° L
- zoLE - £°6¢ S € € ‘a'y
- 78 $°6€ g°s€ 0°€ 4 g: it
081 7ULE 6°8€ 8¢ $°2 1 4
Mwwmn Awmv nmmv Aw% M..Mw #°adxzg wefqng

53




" DISCUSSION

1, Heat Toleranze: In general, thers appears to
be no marked diilerences in physiclogical responses
of the subjccts wearing mask and hood and mesk only at
neutral ambisnt temperstures as ¢ompared to the responses
of the subjects with head uncovered, However, in the
heat, early termination of the experiments was primarily
due to wsaring of the mask and hood., Bassd on the subjactive
opinion it appeared that the hood contributed riore than its
expected share to the complaint or impairment of the sudbjects.
Under heat stress conditions with ths wearing of the
mesk and hood the major agent of impairment or diecomfort
sesms to be thermal rather than respiratory in nature., That
the E33 hood attached to the M17 mask contributes considerably
to the heat stress of men wearing the CBR protective assembly
has been reported by Craig and his associates (9). The experi-
ments with the M6 hood in the heat {HH) in the present in-
vestigation resulted in a cheracteristic rise of body tempera-
tures (Figures 1, 2, 3 and 4).

As early as 1909 Sutton (23) described the phg;ioal
and mental state of men in hot humid conditions, ce the
rise of rectal temperature was fairly marked (38.4-38.9°C)

the countinuance of any employment like reading a book or
sitting in one position, bscame intensely tiresome, Later

on, when the rectal temperature rose over 39,1°C any
‘irritation, however slight, became not mersly tiresome, but
actually annoying and trying tc onefs temper, Immediets
relief was felt on reaching the cool external temperature,
and this was accompanied by a rapid fall in intermal tempera=-
ture (1,1-1.6°C) in 10-15 minutes. At a wet-bulb temperature
of 35°C sweating became extremely profuse-~saturating thes
flannels worn, and in one experiment the thick felt solss

of a pair of shoes. Much irritation resulted from the sodden
condition of these garments and from the damp condition of the
fece, from which, especially wich definite rise of internal
temperature, the perspiration poured off in big drops.

The average heaf storage in I experiments in ths present
study was 58,2 cal/m“ at the end 'of the four-hour walk
(Table 13), Craig et al. (28) in their experiments with
acclimatized men dbserved that the best correlative of tuler-
ance time of walking subjects on & treadmill was their heat
load. During terminstion ¢. the experiments by the subjects
the following values of different physiological variables
were obtained by the suthorst heat storage 53.6 cal/m<,
ractal temperaturs 38,9°C, askin temperature 37.0°C, meun
body temperature 38.3°C, the rise in body temperature 1.6°C;
heart rate 170 and nude welght loass 2.05 Kg. In studies on




voluntary tolerance tims in men-working in insulative cloth-
ing in intenss heat, Bloockley (6) found that the svorlg:‘
heat storage value as a determinant of the tolerange ¢ &nd
nf duration of unimpalred performance was 77.2a1l/mc, Higher
values of this storage index were perhaps attainavle here
because of the repid yerising skin temperatures.. Howevsr,
th; valus was 55 cal/m® for the least heat tolerant individ-
uals, . . , : . :

. 2. Beat Induced Hypsrventilation., Because the wearing
of the mask in the present experiments could produce hyper~
ventilation from respiratory influences, this wae carefully
considered in the present work., The increase-in body tempers-
ture during exercise is well suhstantiated (2, 5, 20}. The
riss in temperature waas found to vary in different individuals
performing the sams amount of work (16)., Eowever, relatively
few measurements have beon made of the effect of an indrease
in body temperature upon respiratory volume., Haldans (14)
obaserved hypsrpnea in men only when their rectal temperature
exceeded 38,9°C., At 39.1°C it was marked during rmuscular work
and distinctly noticeable during rest, Similary Graham and
Poulton (12) did not observe dyspnea in their subjects until
the rectal temperature exceeded 38.%°C, ‘

H1ll and Flack (17) found that the immersion of men up
to the nsck in a hot bath (%3.3 - 46.1°C) raises their body
temperature up to 39.2-40.3°C in 15 to 20 minutes, This isa
accompanied by increased pulse rate. {up.to 160) and respira-
tory volume {up to 50 litors)., Bazett snd Haldane () obse.ved
that in baths below 37°C respiration of men was unaffected.
In hotter baths sweating began at a mouth temperature of
37.2°C., During rapid rise of temperature hyperpnea occurred,
Its intensity varied with the rate of rise raiher than the
temperature, - Thus oue subject with a temperature of 37.2°C
rising at 0,13° per minute breathed 27.3 liters per minute,
Alveolar pC0, had fallen from 38,7 to 25,6 mm, The hypeinea
was accompangod by faintness, mental confusion and tingling.
When the temperature became steady the symptoms abated, Thus
with a steady body temperature of 38,6°C the same subject wes
treathing 12.7 liters per minute,

Landis et al. (19) studied the effects of hot baths on
respiration In man, Total ventilation increased sveadily as
the body tempersture rose, The minute volumes at rectal
temperatures of 40,3 end 39.7°C were 3.4 and 21.6 liters
‘respectively., In one subject the rate of rise in body
temperature in the hot bath was 1,5°C per hour. Maximum
rectal tempsrature reached in 65 minutes waa 39,2°C, The

‘maximyn respiratory volume at that time was 16.6 1/min,
respiratory rate 21 and minimun partial tenslion of alveciar
CO., was 22.6 mm Hg. The authors concluded that in the
hoe bath increacsed ventilation waa due partly to the rate
of rise of body temperature and partly to the abscluts level
of body temperature.




4

The increass in ventilation in hot bath experiments
has some times becn ascribed partly to the increased thorscis
preassure cen~=4 by the surrounding water. However, hyper-
ventilation has also been observed cutside the vath in a very
hot humid environment, Cunningham and O'Riordan (10) worked
at a wet-buld temperature of 39°C, In three exporimente the
initiel hyperpnea occurred after the rectal tempersturs of
the subjects had risen 1.2, 1.0 and 0.2°C, In one subject
‘minute volume was [0 liters at a rectal temperature of 39.0°C,
The authors cancluded from their experimemts that the
respiratory response to s constant raised temperaturs was
smaller than that to a rising temperature. Iampietro (18)
observed that the tolerance time of sitting men exposed to
heat decreased as the incidence of tetany increased, It was
noted that the environmental conditionas which elicited most
cases of tetany were not necessarily those with high drye
bulb temperatures, The incidence of tetany at DBT 115°F
eand WBT 100°F was 30% (toleraiice time 67 minutes) and at
DBT 115°F and WBT 111°F the incidence was 88% (tolarance time
27 min.,). Thus the wet-bulb temperature appeared to be the
more important factor, The author concluded that in the
production of heat-induced tetany, it was the rate of change
in btlood pH and pCO, that was critical rether than their
abasolute changes, %he change in body temperature and calcium
concentration did not appear to be the important factors as
tatany disappeared rapidly on removal from the hot room while
the val:.2s of these two factors remained for a time et levels
attained in the hot room, It ahould be noted becsurs of ita
pertinence to the present work that this au‘hor reports that
men working under sever: heat and humidity ronditions do not
develcp tetany,

Cne fsature of hyperpnea of muscular exercise is its
precise adjustment to ths metabolic requirements of the
subject, This is true even in cold snvircnments whers heat
dissipation is not a limiting factor (21). The increase in
vintilation has been found to be uirectly proportional to the
iatensity of work (13). The minute volumes at work loads of
180, S40 and 900 Kg-m/min were 15,%, 29.1 and Lé.3 liters.

Ta'ao et al, (24) studied the influence of changes
In body temperaiures on respiration in sxercising men wearing

shoes, socks and shorte at 25° and 40°C, Relative humidit
wis 25% in both environments., In hard work (9.3 Km/hr 9¢y
grade) experiments in the cool environmeat, the stesdy states
of ventilation in the successivs 10-minute boutz of exercise
changad very little whilie the corresponding body tempersature
rose, On the other hand in prolonged moderuts work (5.6 Em/hr,
2.5% grade =-for 2 houra) in severe leat, hyperventilation
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‘affected ,
and 39.0°C, This finding. {s similer to that. of Dejours

relative to oxygen consunmpticn cceurred when the subjects!?
rectal, mean skin and mean body temperature axceeded 39,
37 and 38°C resnsctively, Vsntilation 1a not greatl

by changes in rectal temperature between 37,

et 81. {ll1) who iound that when i'.duced hyperthermia was
smaiier than 1°C no relative hypscventilatior was obssrvoed
and the ventilatory reactions to ths onset of an uxercise
remained unchanged. Thus no evidence was ound for eny

in mild to moderate exercise,

- particular stimulation due to increasse in central temperature

In the present study the experiments always terminated

‘with a rectal temperature of about 39°C. with the exesption

of one subject (D,N,) hyperventilation did nct seem to be

" the major problem of the subjects wearing the protective mask

and hood while working in a hot snviroament., In fact, the
average values of respiratory variables studied were not
markedly diffe.ent in different experiments (Teblss 4, S and

6}, : .

Heat-inducad hyperventilation has alsd been reported

' in anv1ronments sufficiently warm to promcte sweating at &

rate leading to dehydration of about five percent of the
body weight (1), At an air temperature of 120°F, ths
ventila tion rate of men at rest was constant until a water
deficit of about 5% of the body weight had besn attained,
Both heat and dehydration were reguired to induce the hyper-
ventiletion because whon the dyc-=neic subject cooled off
sufficiently without drinking water, the hyperventilatio
disappeared, '

However, in the present study, with the exception of
the same -~ubjest as mentioned above (D,N,) & 5% weight
loss was not obtained at the snd o1 the four hour walk,
The body was heating faster before a hign degree cf dehydra-
tion was attained. In these experiment.s, dehydration hardly
approached a 5% level before the gubjects reachsd s rectal
tempsrature of 39,3°C or before intolerable limits of the

~ heat storage index were attained, -

3. 3pecial Factors, The most conspicuous respounse in
the experiments with the hood was an elevated fouehead skin
temperature (Figure 1). In the experimental gseries i1 which
the mask and hood were worn in combination with shorts only
(HN) to permit a large surface z2rea for sweating, the rapid
riss of body temperaturss still cccurred, One plausible
explanaution for this phenomenon is that the head and face
of an irdividual working in the heat pressnt important surfaces
for heat exchange. This funotion is lost with hood wearing
and iupaired with mask wearing. ' -
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Subjective thermal discomfort appeared repeatadly :-ith
wearing of the mask snd hood in the heat to the extent “hat
the subject could no longer work., Ths face was consist:ctly
flushed and symptoms occurred fraguently {(Table 1) ever
though the rise in temperaturs was less tkan that seen in
many athletes in strenuous competetive evenis. It appears
that part of the mask discomfort may result from physiolegical
or psychologicei affects of an abnormal situation.

There is some indication in the literature {2. i5) that
the direct heating of the head area evockes thermoregulatory
regponses greater than would be predicted from the thermal
increment alone.

- Hardy ‘and Oppel (15) remarked that as regards the sensi-
tivity of the body to heat, the locaticn of a particular skin
area might be more important than the size Jf the area, They
observed that the average sensitivity of the face per square
centimeter to the nonpenetrating iufra-red radiation was more
than twice that of the forearm and hand, Bader and Ma.ht (2)
.report that the German workers engaged in military research
during war obtained some evidence that the face is a reflexoe
genous zone, the cooling of which induces marked'vasoconstrice
tion in the fingers. In their own experiments of heating
different areas of the body by an infre-red bulb, Bader and
Macht observed that at & DBT of 15°C, face-warming resulced
in & significant rise in skin temperature of the laft hand
and also a significant incresse in blood flow through the
hand as measured by venous occlusion plethysmography. On the
other hand, warming either the chest or the lower lag caused
no sigrificant changss in skin tempsrature or peripheral
blood flow, At 23,5°C DBT, warming either the chest or face
to 42 to 4L°C for 90 minutes resulted in significant rises
in skin temperature of the hands and toes. The incresass in
both skin temperature and Llood flow was greater in face-
heating than in chest-heating., However, in any of the wsrnm-
ing experiments, no consist-nt changes in skin temperature
of forearm, bacik, thigh or in rectel temperature were noted,

Thu: ~wbsequent to the main ssries of tests in the first
phase ¢ thi. study a few experiment:s ol exploratory nature
wers c¢-aducted in the second phase., Ths design of the experi-
ments in the second phase was influenced by the results of the
expsriments in the first phsaae,
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111, Second Phazs

A. Experimbdnts on Hsating of Localized Areas of t@g‘aodx.

A series of experiments were conducted with a4 resting
subject to irnvestigate the effect of heating the head area
as compared to an equivalent area in the trunk,

Heating was done either with a heating taps, a metal cup
circulati.g hot air through it or by infra-red lamp and re-
flective heating coil. With the tape and the cup, the hrat~
ing was restricted to a vory a2mall area while with the other
methods the heating was done over a wider aree, The sweating
rate was recorded from the calf, thigh, arm and chest by the
resistance hygrometry method (7).

At a dry bulb temperature of 30°C some incr=ase in
aweerting was noted durang the latter part of the heating
period., This response was observed only in heating thc
forehead, back of the head, and doreal necik only. There
was no response in heating the abdomen, At & dry buld
temperature of 33°C, ihs increase in awesting was most marksd
in heating the neck, intermediate in heating the uesd and
least in heating ths abdomen (Ficure 8)., At dvy buld
temperatures of 36°C and 40°C using an infra-red lamp and the
heating coll, the difference in sweating rate bHetwesn the
two treatments disapprearsd and ths responses reversed in
magnitude in some cacas,

The rsctal temperature of the subject remmined steudy
at 37.8°C It did not rise in any of these experiments, evsa
though the hesating of a lucalized area was continued for
from 20 minutes to &s long &s one l,our, Howaever, at higher
room temperatures, the temperature of ths tympanic membrane,
which was lower than the rectal temperaturs by 0.3%°C at the
beginning of the sxpsriments, merged with the latter as the
experiment progressad, The dissppssrance of the texparature
gradient was faster in head haating than in abdomen heating.

B. Expsriments with Mask and Hood on.

Different sxperiments were conductad with the subject
wearing the mask, heod and zhorts in s hotv room.

At 36°C (DBT) an immedisce rise in sweating fram tne
limbs and the chcst a&s recorded by the resistatce hygrometry
mathod (7) was obaervad when the mask and hood were worn by
the subject. There was & similar decline in swsating when
the mask and hood were taken off (Pigure G). These rssponses
weire leszs svident at 8 higher Towm temperature viz,, L5°C.
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Attempts were made * ventlilate the head area covered by
the hood by circulating cold air under it through a perforated
tuking. The temperature of the circulating air was about 5°C
lcwer than the room temperature. The decline in sweating
rate with circulating co0ld air was greater at 26°C (Figure 10)
than at 37°C, or L45°C (Figure 11},

in another experiment at 35°C the ventilation of the
subject when wearing the mask and hood (MH] was compared
with that when the head was bare {B), The ventilation ratio
(MH:B) was less than unity during rest., When the subject
startecd working at 300 Kgm/min on a bicycle, the ratio
approached one, This finding was similer to the results in
earlier experiments on the treadmill in the first phase.
The decrease in ventilation under the condition of greater
respiratory resistance has also been reported by Silverman
and his co-workers (22).

IV CONCLUSIONS

The M6 hood adds considerably to the heat stress of the
subjectas, Simllarly, as compared to subjects with the heads
kept uncovered, wearing the M17 protective mask alsc results
in greater discomfort in the heat., The impairment in per-
formance of men wearing the protective mask and hood 1is g&lso
evident when the rest of the body except for the loins is
left bare and thus exposed to the environment for evaporative
heat loss. However, at neutral ambient temperature the work-
ing ablility of the subjects did not seem to be affected by
wearing the entire set of the protective clothing, including
the mask and hood.

Since a high body temperature seems to be essentlial for
a rise in ventilaticn, further sxveriments need to be carried
out to determine whether in subjects working in the hest,
wearing mask and hood after the attainment of a rectal
temperature of 39°C or more results in hyperventilation,
ine subjocts W vy ~mive ) heys , 211 reported ser>rs
thermal discomlorv prior to the attainment of any hyne.-
ventilation with ¢ 1y one exceaption., The attainment of a
heat storage index above a tolerables level appearsd to ba
the critical factor,

Another extension of thls problem will be to conduct
some well designed basic experiments to investigate whether
an increase in skin temperature of the head area can be a
specific cause of rise in body temperatures,
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't Teats of Mear Values (walk snd rest data combined)

Bxpt. 2 3 4 5 6 7.2 3 4 5 6 1
4 «
rerenead temp. ! gkin term,
1 NS %% ek K% ek Ns ! HS NS %%  m¢  wwx NS
2 NS e ke we %S NS % wx ws NS
3 D S T S w we s ﬁg
4 e A% e NS NS %
5 N3 ** HS *
6 ™ "
Mean body temp, Mude Weizit
1 NS N5 % % %x NS RS N5 * % % J§
2 NS % » % X5 NS ¥ % * NS
3 *e  wx  w» NS * ax  #x NS
4 NS NS 0w 'N§ N3
5 NS e NS &%
6 *% »a
Percent, nuds wt. loss Clothed s, loss

1 NS NS " T %% NS NS NS e e *9 %S
2 NS @ S S P | NG e ey xw ns
3 e #w wm NS ¥2 * |

4 N NS * NS M5 e
5 N3 b | NS ;
6 . e

T
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Tabie 2
«
E_xgt._ 2 3 4 5 & 7 2 1 4 5 6 7
Forahsad tomp, Skin teup
1 » %% *an *# e NS NS NS %n aR E 3] NS
P NS L1 11" *n NS pe ey e % NS
3 "t 2] *u *n "o *3% »e Ns
A " *i 11 NS NS 12 ’
5 NS " NS a» . !
6 an e
Mean body temp, Hea t_rate
1 NS N5 # w¢ w  N* , 3 NS ¥ e er NS
2 NS * * * NS NS NS * . NS |
3 »w  xs s xs N5 NS NS NS BIRAEE
4 NS H3 ¢ HS NS K3 |
5 Ns o ! NS N3
6 - ; NS

P $.05, 2P (0.01, NS = Not aipnificant
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t' Tests of Mean Vaiues (walk data on'.7)

EBpt. 2 0~ 4 5 6 4 V. o2 3 4 5 & 7
4 ! .
: o
“ nespiratior rate ritat? volume 3
1 NS 0 N5 ¥S NS HS NS NS NS NS NS @ |
2 * N:ONS NS NS | NS ES NS s ;
3 xs  wx N3 e | NS 5 NS ew !
4 NS NS NS LS R :
5 NS NS e |
. 6 NS o
Mask pressure
1 N3 NS NS NS " NS
2 83 o * "E NS




Tahle 3

‘%! Tests of Mean Vglues (rest deta oply)

Bot. 2 3 4 5 6 7 2 3 4 5 6 7
.t
Forehead temp. Sxip temp,
i N8 *9 L1 *a % NS £ #s L 2] Ly ** NS
2 NS T “# e NS NS # e *% RS
3 *# > T I » ne e 13 ol
5 i % ¥ NS NS ]
6 # i NS L 1
6 e 2
Mean body temp. ‘ Heart rate
1l NS NS * i ol NS NS NS » # NS RS
2 NS Rl i e NS NS NS HS RS NS
3 *it * % . NS * * NS NS
4 NS NS * RS NS NS
5 s * NS NS
6 * RS

*p .05, ™P .Ck, NS = Not eigaificint
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Table 3 (contd,)
'L Te f - sl tats only)
1
Expt. 2 3 4 5 6 7 2 3 4 5 6 7
#
Respiration rate Minite velume
1 NG N5 NS NS KS NS NS NS KS N3 NS KBS
2 S NS N8 N5 NS NS NS KS NS ES
3 NS NS NS NS * # * *
4 NS XS NS NS NS NS ;
5 * NS B¢ NS
6 NS §3
Partial tension of COp Mask presgure
b NS NS N5 @ * NS NS ES NS NS KS
2 NS NS NS ¢ NS * * B8 NS  ES
3 * NS NS NS NS NS NS NS
| 4 NS * N3 | ¥S NS NS
5 # NS NS NS
6 ‘ LA NS
*P (0,05, #**F ’2.01, NS = Hot significant
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Bxpt. 2 3 4 ¢ & 7 2 3 4 5 6
' Forehead temp, “ ‘Rectsl teup,
1 s * ¥ NS # NS H3  w» - it 1
2 xe 'Y S %# NS I .
3 LE NS NS * % T an
4 NS NS * NS NS
5 RS NS NS
6 "
Skin temp. Mesn body tecb:
NS K§S NS NS & NS B *  w ax wm
2 NS w. 1] K1 NS NSI »e F¥Y e
3 NS *i # NS »» Ee P
4 NS ‘NS * NS NS
| 5 NS % %3
6 "
*p {0.05, **P (0.01, NS = Not significant
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N L e

{contd. )

Exgt. 2 3 4 5 & 1 : 2 3 4 5 6 7
Heart rate ‘ " Respirstion rate
1 NS % % %% %% §g NS ® NS NS NS NS
2 NS NS NS NS NS »% §S KS NS NS
3 NS NS NS e HS NS * NS
4 NS N5 w NS HS NS
5 NS # NS &S
6 *s NS

Minmuts Volume

1 B % * » " %

2 NS NS NS NS NS
3 NS NS NS NS
4 NS NS NS
5 NS NS
6 NS

*p-£.05, *#p {.01, NS = Not significant
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Expt. - 2 3
¢
Forehead temp. BM
1. * T T A T NS " LR L
2 e #* * W N3 NS  xs Ew #» NS
3 A8 NS NS " ol ool = g
4 HS N8 i NS NS %
5 NS  #» NS
6 - e
_ Skin_temp. Mean body temp,
1l N3 NS fald o e NS NS * ) Py *% »
2 NS T % %% NS NS O T
3 * NS NS RS *  m  we g
4 NS NS L NS NS »
5 -NS *it KS »»
6 »» - -

*P .05 ™I .01, NS = Not significant
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. Table 5 _ (contd,)

_ 't' Tests awong_ thy Regreesion Cosfficients (rest dats only)
Bgt. 2003 45 6 7 i 2 3 4 5 6.9
Hg'rt. t?a"t-a Migute Volume
1 NS Ng it ™ ®» NS NS N3 # 4 *% *
2 NS *#% ¥ #% N3 “ NS NS NS #* FS
3 o om owx Kg ¥ NS NS NS
4 NS N3 e NS NS NS
5 N§ e | KS NS
’ 6 * »
Magk gge'sg_t_l;:_e.
- 1 NS % m NS W NS
2 NS * NS * KS .
3 NS §S NS NS | : N
4 NS NS
5 * ¥3
6 *
*P {.05, **P (.01, NS = Not signiflcant
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APFENDIX B

Table 3

Experiment #
Tb HR
2952 #¥ 575 w330 #N
0659 ## -501 ## ":289 *
806 * 673 ¥ L 442 W

LT00 w2 L0 e

269

-0m6
‘0375 i

.539 *e
T8 w

**p (0.01
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Tabie 2

Appendix B 8

r-correlati x_{w )

T, T, T R pCO, .t V. .py
T, L2 LB18 ee 076 W 566 4R 5L 35, % 259 220
Ty 409 W 436 % S 125 413 W 516 % (183,086
T, | (923 #4860 %% o550 % 268 176 064
T, | .50 5038 L33 e 239 % T
HR | 527 e 087 234 -.106
pCO, -.611 ## <,395 %% 162 -
f . ST w267
v 452ew
*p (0.05, *op Q.01




T, T, T HR  peo, £ Pa

T .269%  .583 k933 % 401 % -2 151 042 007
i T, 411 % 380 e 301 281 % ,189  -.222 % -.233 %
T, (836 #+ 602 ¥ -,052 290 % 044 -.270

T, 5L, % -095 226 L017  -.118

- IR -.151 T2 % 359 % 170

- pCo, ~235 % -.594 " 123

£ S4B W12

] v

2375 we

*p .05, **P (0.01
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.26‘ »
--260 *®

CJT6L #
-.202

.827 =

<596 #»
-.137

.498 e

J708 ##

.068
-.061
«, 335 #»

-.23G #

155 -.070 -,270 ¢
A% -.016 137

J330 wE (20 w272 &
<309 *% 2,3 % 035
.020 <225 .183

-.021 -.513 %% - 325 ®e

c240-% 325

JT07 =

2 {.05, +#p Q.01




. Taola g
Inter-correlniion Matrix (walk only)
' | axper t ¥
' T, T, 'rb HR peo, L. LA :
TR 218 % 676 % 271 % 122 151 065  .225
g T -.140 -.110 .05 - 204 1L %R _ 215 -,39] s
T, 86T %% _,167 -.i_& 024 ,233 % 380 *x
'I'b 002 -.089 095 »209 LA08 ¥
"0135 ".136 01102 -ﬁ
- p002 ) . ‘-1% e 9 e -Um e ./
£ : | 295 129 :
.Y .688 *# -
*p b.o5, **p .01 i
|
3
: ;
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Tabis &

In rreietion datrix (walk date only)
To Ty T, MR pCOx £
Tr ~.199 .100 LB4L5 X AW oEw L 68 2336 #h
Tf 0366 L 0173 "041 i 52}-4 % "t136 *
T 825 = 197 ,281 & 002
Ty A6 129 194
in) <072 2339 &
pCo, ~.533




pe
o

I Lmran 29 Ser LI

B -

Te Ts 1, HR pC0, [ ¢ Vi Py
T, (391 % LTS8 e GTL M 646 M -09, 160 091 289
Tp G326 % L 393 0% 146 -.036 .127 01 .07
T, o 886 537 = o125 (138 200 .29
T, 654 % -110  ,162 101 306 #
IR _.093 L3001 % .20 .098
pcoy - 411 ¥ 153 -.233
£ .394 ** -.0R2
v .528 #e

*P {0.05, **P .01
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R e s e SN e KR B s apir w3 L

T, T, % zm o, f i P
T, 668 % [Te, % 956 % 762 % .,031 .016 B VLWL
T, T30 MU0 % 495 %% 127 050 .29 199
T, 2N X 666 *+ 093 .090 3558 331
T, I8 W .023  LOSL JATh YR 42
HR 23, .247 .28, .52 o -
PO, AT -465 % 297 ] ”
TR -.122 003 -
i 570 *s .

*P §,05, *»*p (.01
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T Ty . Ty B peo, - f v Py

T 52 %% LB06 RR 955 A% LMW 0% -.022 444 M 478 %

T, . 682 % 630 ** 550 #% - 366 ** 052 275 % (L4

T, (945 %+ L663 %% -072 081  LMuB W 297+

Ty, : : J731 %0 - 075 0 .027 AT IS b ] -

HR : -.054 072 28, % 204
X poo, S » -.313 % 397 %% 253

£ . . - .086 -.318 #
- v 581 w¥ N

P {0.05, **p {0.01
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| T, -.026 . 733 %% 938 ex 685 %% 08, 179  -.008 . -.028 .
Tf - ’ ’ 0169 ‘0%6 0182 0107 . 0195 ."'00'?9 .1& .
T, (923 ¥% U4 * 05, 257 .031 020




oy

Ty T T, B poo, f v P
T, -0T5 495w 00 uSLw 29 212 -0 -5
T, 2B R w178 =T . AT9 035 - 70 «.0f

T, .885 %% 303 % 250,092 -.046  -.1500

T, 023 =348 % -.043 -.098 .005

HR .062 116 176 .195
. PO, : = " 040 -.5L4 M - 395 #e
-.099 =330 #
- 645 aw

*p (.05, »*p (.01




Inter-correlation Matrix (rest dats only) -
Experimapt #5

T, T, T, ] PO0, £ v P,
T W023 479 BIT R 4TT R 33w 221 o186 .137
Te .125 091 -.076 -.260 -.005 .13 .032
Ty .B8L % 145 -.195 -0  .151 224
T, 343 % 045 -154 - .212
HR -.18,  -.086 082 27,
pCo, -162  -.502 %% -.194
t 04T ~.420 e
v .235

*p {0.05, **p (0.01
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i .
T, T, ?, B p0, Iy v Py

T35 5 Les6er o188 -6 046 005 -2
T, 035 - .071  -.254  -.244 -.105 185 436 #

Ty - 891 127 012 -1 -.268%  -.162
Ty o : .03, =070 -.025 @ -a7? -.232
HR ’ . - 344 % 480 W o217
_ POO, ‘ - -.432 % -399 w157
1} | . .29 ~.219
. Rpr ..295

*p {0.05, **p (.01
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r . E
- TP PO AP o - = e iipaas e
Inter-correlatioy satrix (rest data omly)
i
P Experiment #7 y
| _ o
T, T T Mmoo op; f V Pp 1
TI '467 ne .7[&8 Ll -91.’.1 ““n 0757 i uOOL “0132 -112 .‘9‘7 bl :
T, 566 *x 550 *x 431 ** 099 122 .0T3 .290
T, .928 %% 649 # 059 004 150 .38, #
T, | 754 ** 032 -.072 139 473
2R .152 -.218 262 452
pCOZ -.179 "0251 -.070
- f A -.047 -_722 % !
v 333 ¢ .

*p €0.05, **p .01
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' APPENDIX C.
8ub ject Rumber

I

s tas

1 "8.C.
2 v BT,
3 ' T R.s,
.  R.B,
5 ‘ X3
6 R.H.
7 . D,N,
8 L.C.
9 c.2.
10 G.H,
11 . B.K.
Ccde Description nit
Ty Rectal temperaturs °c
To Forshead skin temperature °c
Ty Mean skin teuperature °¢
HR Heart rate " beats/min
pCO2 Partial tenalon of (0, = Hg
£ Respiration r;to breaths/ain
¢ Minute volume iters{97PD)
™ Nean oody tamperaturs *c
Pu Mask pressure om B30




Data of the Sth lLour experimesnt . .

Time (min) |  Expt.#2 # F o) #

s TX‘
| 260 . 386 3.6 37.9 37.3
§ 280 38.7 37,9 35.0 37.6
| 300 39.1 37.9  37.7 37.7
- Tr
260 35.4 4.7 32.4 32.9
280 35.3 35.0  31.8 32.8
300 36.6 3.9 32.1 31.9
260 36.5 W 33 33.3
% 280 _' 36.4 34.5 23,5 33.2
‘ 300 36.8 35.0 3.0 33.7
HR
260 146 130 - -
o 280 162 130 - -
', } 300 126 101 92 8
E 260 3.0 26,0 32.3 30,9
280 31.5 25,0 32.3 30.0
‘E 300 26.5 21.7  26.0 26.0
. B
98




260
28¢

19.73

7.82

3.5
3.8

2.5

17.16
17.52
8.12

2.5
2.5
1,5

21.56
8.19

2&&
2.8
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